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Abstract of JP2003272860 
PROBLEM TO BE SOLVED: To provide an 
organic electroluminescent element with high 
brightness and long life. 
SOLUTION: The organic electroluminescent 
element comprises a transparent positive 
electrode 2, a negative electrode 5 facing each 
other, and a plurality of light emitting units 3-1,3- 
2...3-n. Respective light emitting units are 
separated by electron generating layers 4-1 , 4- 
2,...4-n composed of at least one layer. The 
electron generating layers are made to function 
as electric insulation layers having specific 
resistivity of 1.0*1 0<SP>2</SP>[Omega]*cm, 
preferably 1 .0*10<SP>5</SP>[Omega]*cm. 
COPYRIGHT: (C)2003,JPO 
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X (N, N-v^-p- MUP757) ?-7xrjk tf 
X (N- 1 -^7^) 75>, 
TIBO^ : 

[ft 3 3 




tSbSn§4, 4' -t*X [N- (2-^7^) - 

N-7x-;i/-7£y] t7xn;i/ («-npd) . t 

[ft4] 




[ft 5] 




( 8 ) 



13 

Ufc6] 




10 



-cgtoan* 2 -TN AT Ate&fi&z- zzi- ®* 

#«ti<f5X(E»A# 9 OlCtt±Tf**7 'J -*7 5 > 

^ ±E. a — N PD. ^D-NPB, Xtn-TA 
DRtf2 -TNATAtt«5^W««9 OtBU-C* 

[0 0 15] *!M1©*11EL**K*<'»"C« HffifE* 20 



[0 0 16] 

<2«U> 0X10' 
Q.cmSU. **Kt*l. OXlO'Q-cmBU 

[0 0 17] f£*<D*«EL«^tt. HIE*** 9 
*0. PMM*6«* (e- ) . WMfrS*-* < h 40 

[0 0 1 8] *WB©*«EL*FC*<'»-C. tHS564 
■ ft»*f*«WtUTtt. Wl. OXIO'Q 
. cmEU. »*Kttl- OXIO'Q- cmfiUTf 
*6«ft**tt*ro*tt»**. *fc-«c. i*mtf© 

aa*«<5 o x»jtoi-e*«cfc«w*bw. 50 



2003-272860 
14 

T»T«IM©*W** *<#&nft<ft 

*#r4t>©T?»*i«- »wMiTft)*«*«-et)«fli 
ir*-e***«. *^t^t*«ffi?££i©#sftiifi£ 

tt. lM2©<fc5C. Rtt*2«JiO*WO«W*XI4« 
fclfr&fc 0 . « 2 aa©**WT«<klwE«C J:* 
7 Vh)\,U?* y 1 7 *J* *7~* >*» 6 ft 6«<WM* 

U «tfS8£»©»Sfflfc&^*»* a = , ' h ' vS ** 

[0 0 19] m3©*5K. **w©* ; Pfc*»*«w 

(a) T**7U -J^ 5 
(b) tt7U-*7 5 t*fls»«R* K: « fc ' :, " c 

@3tt, HBO (a) <b) 

5 *fc. B4tt. MB© (a) e£#i (b) 

[0 0 2 0] f|ffif££)I£tf$iaT3 2«8i©{fc 

^•*nifta5cE«»c «t o«w««#*»* L ' 5 * * 

#Slre«. &g 800-2000 nm©fi#M*l'» 
fi^BTCtt. &g 800-2000 nmOi6#M*l: 

[0 0 2 1] BStt. 7U-^75>fll*«n?»*2- 
TN AT A, a — N PD, XW-TADJWW" 

NPBt, v.o, <5«fcA*5>*A> ©*n*n*ffi 

totl^H/K Rtf*7U-^73Vft^«tS 
»flS/^3?9At©«*«©lR«X'<i'b^*'»'1-. - 
©■*6«&*fc**0. 7'J-*73>fc*«fttf5 
»<fc/«-5?*Att. ¥irctt**8 0 0-2 0 0 0 nm 
©ifi*^«*C K- * *** ft V»#. 7 U -*7 5 >1t 
emtsmiWW** 0 ****' *S8 0 0~2 

o o o nm <Dmn-®mMts.*-->?z^ nm 

6tt. 2-TNATAi4F-TCNQO^nM 



( 9 ) 

15 

PDtRe.O, (7gKfc2 U-OL.) ©JI£IK©®iKX 

&-«r©J|M£©tlR©EiR7.'<? Ml/© (¥ 

T, »3©»fc&««e-*#ifia*aa«8 0 0 nin 
~2 0 0 0 nmC&gKgii^ftTfcO. *5§W#6© 

[0 0 2 2] ^SgHflKfcuT. rjgjti-y hj tte. 
W^O«fc^^. ffE#0#«EL* : FS«*-r4»*J 

raaoaaELa^saa-rsaaj tvx\t, m*. 
ar. (SMS) (fcffi) . (n^) /*-;mh 

ai/a^a/ <a«) . (Bffi) 
tti/a^a&a/ (Hes) . (n®) /*-;paAH 
/jfr-^aa/aftH/a^a&H/a^fiEAi/ 20 

(ftff) ttf*»*«f6ft*. *58«C<t4ir*EL«f 
fC&UTti. ft3E*3.-y hjWia»»tt©a»»£B 
fcJ:oTtt«&ftT. 81ft <2«£U) fffiET^fcOT 
S^f i-y ^MSaiil^flt 
HTfcJ:<. *-*BaB. #-JM£AB. B 

©*ftT?*oT.fc<r». 5B*lfcfi^StlT«^6tl*C 

e*0t>©*«ttjB3n. a*tf< aa©s#*m. 30 

[0 0 2 3] HfBaimtLTtt. -(13:69 Ktett^Hft 

©/hs^&a. i-fc-tn &Bft{t&aa< 

IS, Mg. C aB©7;P#U±S&B. Eu|o$±g 
&BB** feKtt. Ctl^©^Hi:A 

1. Ag. I n*tOft*ttt*3J«*lf * 
BBBSsWiai/fc. BB«£#«Bi:©#B»::&Bl* 
-fcr>4fa*lfcBaB«BV»*Ba (#Pfl¥l 0-2 7 
0 1 7 11HHI, 4#M 2 0 0 1- 1 0 2 1 7 5*f&«# 40 

so th:. mmm\mn&m-abtitf. *<ott*w#. 

mfZiHWr-l l-2 3 3 26 2B&BJttWMI2 0 
0 0- 1 8 2 7 7 4fa«C|*Utfi#S«JBl/T. 

i»ffi«ffic«-r*#t»i«7;i'*'j^«'f^x 7ju* 

ttM^flS £a«f ea a a ft* BB-f * > € *a + T&JH 
CS7CL--3 3&B. #J;Uf. A 1 . Zr. Ti. Sift 
<h*© (S^fiTctt) BB. feKttCftSOaBfcBB-f 50 
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t><D$%, Bfc, Eaaa£lxT-»fcl2;<ttB*nT 
H57Jl'5Z'>A^ItO§|S, J£K»B©»S. ft 
*tt£BttB©ftj<5C*»S#*L-H. 

[0024] BBaa*raiL--m. mzmmt 

tt<. BAtf. I TO (-f >i>W'tflMH) . I 
ZO K >5>9A 'BIMMbtt) ££©aB»B*m* 
ttBfazitaiT**. 
[0 0 2 5] 2<b\Z. 3-fcHi;<*BBBS#»B2 0 
0 1 - 1 4 2 6 7 2^«B#lwE«L//t^j£*ffl^T I 

TO«R**MKicJM«!>ffifr> «t 5 ftx/t y * "j >y*£ 
C«fcoTfT5«£«U tt££HttC»H¥l 0-2 7 0 

1 7 n*a«TE«snTv»s*RH-e>^anfc# 
«H**^aA»»cfflvjntfifjfi© i to^ i z o©<k 

fi£oT. BB. »B©Hafi£BBiU-T (#«Bt>B 
•5Bt>tti#-&U ±&©-«Wfc*Ttt EL *?■©*££ 

[0026] ELa^i. #si-r*»«« 

Jfcarzyhfltl. OXIO'Q-cmHi, Jfr£L<li 
1. 0X l 0 s Q • cm£U0Jttttt€#-r«*tt££ 

■ci^TttfflsnTuntf. fta*Bft*m©aa. 
t> l < H^n?»«@tcs-r-5m^aAi©^fi£ffiirov^ 

[0027] »b^»^«a*«-r**aw©*«EL 

a^Ftt. *©ATfa*©W«EL* : FfcH:**<ft&* 

(a) /e>©ttj T*-5ft ; pa*©±att. sisi± > i 

(=10 0%) X-$>^tzi)K *58WC±*«"«EL*? 

c*^Tii. aa±©an L tt&v». w«ae.B2i:ss 
ns*-;p (h + ) aAtt^ra^aoffia^m (fcb 
<(ihomo. . . a«tt^«ia) *>6©«*©9i*a 

a^ a* 5> si sttfrft&a? it. aaaica-r*as:« 
B)c-r-5#a^a©»aa (fcu<«LUMo. . . a 

4ac«tt>Ttta6nfca«*a=y h©apa» (c 
©a^tt#a*3.-y (a*»tt±) aaraa^ 
(ft) /fj>t, s**a=7 h^saasnsa^ 
(ft) /#©it<hs»^ns) ©^w^. #%(?n©#fli 
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2 0 0 3 -2 7 2 8 6 0 



17 



18 



[0 0 2 8] t.*5A/. **w©*«el*w. 

£JW*1 OXlO'Q-cmftt. ffSKtil. 0 

x i o s q • cma±©it*«t6#-ra«»tt**o* 

gSn*«ft»T# (Vn) (V = V1+V2 + 
+ Vn ) TfeSCttt. m5*Tfe«tV». ttoT. 

a*o*«EL*F©*wnr**tsnT*fc 1 o va 

Tt©fifffli«- 38*o.= yh©* (n) 
[0 0 2 9] ^tlCfcHOfcel*. *fWi©««EL*^ 

srr*. *r. tt*s©*«EL#f©if*«. «** 

*«*jS»**T*ofc. ****«*»©* 5 

OB»*ffiTttZJ:<) «««KCSttflU. ^oT!S» 

*56"51©#*E 

[0 0 3 01 *fc, *»WO*«EL*^OttStlMi 

toiBO«»tt. ^©S&^afta^b©^* 

ttEL*^©*n«C«t0. *© ■ 

#«EL^©«ftMII!l»* < l (im*iU^ut* 
U0**HBI*tf2OO0A (2 0 0 nm) &TT<& 

BkodakttiF. »WB5 9- 1 9 4 39 3#4M1. 
»WB6 3-2 6 46 9 2<l4i«. #$¥2-15 59 
5*fc*U *BB4*«F»4. 5 3 9. 5 0 7 R 
JB4. 7 6 9, 2 9 2*WHMT P^4. 8 8 5. 2 1 



i %®mm&®) 

Bt>WME©.t«*>*WW | (««»») ©±e&*>£ 
(w/w) ©®Tsia<fc*^T*^fc 

h«««IHfc#fcS** (turn o 

n vo 1 t age) •fe*n«fcfr0. ttoTJWW 

g£#Sfc*©«ffi*>l&n«£&*a<. «« 

10 &*) t>*n«t&*fc». c©»#«a»c««*« 

[0 0 3 1] *fc. 5fi*i=y haWMtflrtFT**** 
0*«EL**©»fc»«£il'"C tt ' 

*>*->!*©•»««. 

HKJPtfjPU©-?. aHOMMt^TT* C t ttt> t 
20 ±0. **»S©5E*3.-yh*»«*UT^fcib-C 

a#fc*5**©»«ttlB*"e**' WOfcMMUTC 
*ntf. MWBWMlUfcW^f b#. ttT** 

[0 0 3 2] *©*c. *«vh«j^^«a© 
jE^^l^f Ufc«*«. mS5S«©^ 

fsg^e*s«EPrF**«©ai*-fc**«* 

£*«| E L ©«^Ktt^T** < S C t £ 

30 C©A-et>. *3e"H©#«EL*?«J6»* 

^^^»*«A,-e^5Kffi@^© 

(5V-C1 0 0 0 c d/m'©»S*ft?>^ 
Jjl^t. 5 0VT1 00 0 cd/m'©iK$S^ 
*WtfcttbT, E«««CJ:-5TlV©«ttl»T*«* 

T*S) , fcfc*-eSjtESfiS»©«Ef*T*^h*^*38 
[0 0 3 3] P9«fc*B«*^-K*6**««t 

n*aw«a»»©tt«^ (~io-o • cm) a. & 

6S©ltfcft (-1 0-0 • cm) tJt"CT2fflME*W 

IC^SSK (V) (t>KttS«E (V/cm) ) 
50 TTSfc©. »«ttfclW«4Hfiflta*Tf©»««»6 



( 

19 

[0034] *&wizi$ttzn$i%&mattffii 

\tl. OXIO'Q-cmfti, 8F£.L<\tl. 0X1 

o s q • cmu±tmmmz i TO£c£©*«tt*m 

(-lO 'Q-cm) «fcOt>ttS*»»UGV*«W© ! b©* 
«tJrr*©*«»*T**a»5. KSffif§41©(£ffil7n 

F-T**©ifl*&aill*tt«£fe-&£fcB£L, 

[0 0 3 5] H8I*. *«9!©-*IMB*T*S#«E 

L**©«B*a***BM*KiHHT*<&. 

a-y h 3 - 2 . 4-2 ttffi 

58*14- (n-1) . »3tta=y h3-ni»0il£ 

(i) ©3 5, tf^xsis (3bs«d l. s^nsm 

S2. fe^J-X-^h (3-n) (feft*Ln = L 2. 3 

) . fts«S5Hji*i©£*-c&0. jt«sw»i. 

OXIO'Q - cmK±©SaWI6»tt©«flrf8£l 

(4-n. fttfl/n-l. 2. 3 ) CtotttlBS 

n^RMa-yh (3-n, tfLn=l , 2, 3- 

•••) tfgftfl. w«ffiHc#tt-r«A*»*«w©w«E 

L5jH=-©*rL*»J&-Ci&a. 

[0 0 3 6] WttlELJf^Ftt, ®ffi*m©8ott 

MO-7T*4tt*MtiJ»«f©1*tt (B»*EE«) « 

4 - n tttfffi-Cttfc^**, 

LTfr»«t?&A (MSI) ■t*-*ttA (*a) 1© 

Bfcfi*ifc*. 
[0 0 3 7] «*tf, St^tl4-n*>e^tl^ 

sifcm^aAs-rsiRKtt. 10-270171 
n&m j $>&m2 0 01-10217 5^«npa*$n 

T^*<fc5C, *1»58£H©»«<WK:S&T*»£LT, 

*aHbatt£*F«#tt (H^ — ) F-/t>btLxm 

tBT«*Ri©«^IB3S»6ft*« ; FttAlSWr*©** 

s. 7**u±«*«Ri«fr±a*«©5%^6a«s 

nfcia£t±©4JB*^a-5©**ffib^. ±12 

©v? aAi*© k-j— k-a> h&mo&utmtt.. 
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tifcft«l:»LTO. l~10t*5©*s»il/U. 

Snfctt? (ETF. Stc»?) ©MEtfftiaaf. H-t: 
>£f8Mtt*/hS < . lOiS^xi-i:, K+©F-/t> 
hB***#«*r?»*£tt*#fcill*.. S7C# : F©BS'*> 
»**»SiBC«T-r5©-C. H-K>4> r ©»*feT*«o 

±iB©«t^^«?aAH*#-r-5«i^©^ 

©tt*W*tftt>6-f. x*;P* 
[0 0 3 8] *fc, BjfcxnyMa. «ffif8£H©»ffi 

atf*±a*B©5**»6a«i3n**B*»63!t*Btjp 

*Fi£AJi«ff-r**l*T»oT<b,fcH. C©W»*«5 
nm£j@;L3<!:. *©»l*«««^UTUS5tH» 

©T'jif£L<&^. 5nm£tT©WP£#-r*K 
20 &JBltt*«###«fc«K&«UT, tS«»icMre© 
*JBH-t!>fltKffH«©aj«SWri)l*«4l«UT 

t»sfb#*6*i. 4>&< £*>*««*#-*-*£««© 

[0 0 3 9] &«*2£ll4-n*£»« 
S*(6]tCl?aAT^>IStC«, 1 1 -2 3 3 2 6 

2mSM+MH2 000-18277 4^&$ 
H4#fF^ 6 3 9.6 2 0 9 ^93*ffl«) (#figl&£ : J . E 
ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 
30 (2 0 0 2) pp. L8 0 0-L8 0 3) \Z (#329i# 

eicfcox) w^snT^-sm^ttAis. m^%*i 

©HW«icKtt*::tt>ff*bv». ^©^-fy©«?a 
AJB^;!/* 'J 7**U±»IK*>. 
#±Si&B'f *>«*tM!:£ft±K:7;U5 --5 A^©& 

Tfc* r-?-©«E«£jfcBj i«R*na*». #5891© 
**©*&«&&»?£&&«£«»»:: LTgE»7cEfSlc 
«fiR«B&«fc*»*fl:^*±K:«l&-r*©*«ff * L 
tri. ate*, i©l^»cffifflSnsn«7C^JBtt^b^«j«f 

40 ©AjR-f*>6a5c-r*«rK:e6tt»fl:*nt. 1. o 

x i o'fi ■ cma±©tt«tt*#r*lftakttfl:^»i: 
fr*. (.ZZT-m? 'ffi»©' t»4**Wfcttl 0 nm 
«T©«*S**U g««7C^JR©KJ?*U OnmS 

) 

[0 0 4 0] Sfcfi»JAtf±t2© r-e-o«Kjsft*aj II 
«fflSnT^57;p*U*R'f*>, 7**'J±«4R 

-fs|->. *±aAH'f*>€*trfl:^«tt±B©*l l lFX 

50 it 1 -2 3 3 2 6 2 ^iiffi^itf B8¥2 0 0 0 
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22 



- 1 8 2 7 7 4*&«) fcB*«*VtV>**«* lWM * 

sh * > **rr d y >ft*-e* ^> -c *> «t 

[0 0 4 13 SSK. ±I2©1#W¥1 0 - 2 7 0 1 7 1 
*&ttH*H 2 0 0 1 - 1 0 2 1 7 5 *&«. 1 
!-23326 2^i^M2000-l 8 2 7 7 4 10 

«&« (»**B1MWB6 3 9 6 2 0 94««*> ©£ 

1 0 - 2 7 0 1 7 1 WIWM 2 

0 0 1 - 1 0 2 1 7 5©*IIH-K>f 

1 -2 3 3 2 6 2 2 0 0 0- 1 8 2 7 7 4 

cow. *te»5"f «•» 8 *; , n 

4a t:*JB-r*::f«?.«*®*» EL * p ® ,l * K *' r 20 

2 0 0 2 - 2 7 3 6 5 6 *fI«»KWifcBbT**. 

SffirS&i (©f&Sffl) r*o 

1oO 4 2] l«M4l<- IlWM 30 

1 _2 5 1 06 7^ffi^M200 1-2 4 40 7 9 

[0043] ffStttft^i 0K*«fc£*> 

2» 3->a2flc. aft7^S-^A. JMfc7*S = 



A. 3->flS-f>5?fA. 5«{t7>^>» 5 7-Wtflt 
3 7»fciWO«ift^ DDQ (Vf7S- 
-JffUU^-jy) . TNF (hijrhD7**U^ 
» . TCNQ (7h7->7/*^**» • 4F- 
TCNQ (fh77Wn-fh7^7/t^>'^ 

*l«t»©*«<fc6«*«**** ft ** (F-/t>Mfc 
&«) ©*;Ut*tt. *«Hfc£*»=»LT0. 0 1-1 

ooHB-e**o*w*uv». F-/t>h©jt*#o. 
too4 4] s^4i*»^-r*«is©tt^ H 

R**4. 5eVEUT*ntf.!lWi : F*«^ 
OKXgfcSW **«b<s<"C*»« W* 1 -^ 

$ ©8t<£giSI t UT«tBT * *> * * • 

[0 0 4 5] **«Hc«w***a=yH=* vl ' c ' B 
g^siraL^uTi^icHbTtt. -wen** 

ft*©#ta e l m?\zm * tixe*MWJt+*- 

[0 0 4 6] *»WO*«EL«?©«WM»tt- ft* 

■♦•el*******. a*©tt*« , 6*<* 

■Cttyn-t^KlllB* 1 ** 0"*"*' Sfc******** 1 

nt**, »*sn*. c©«t5&*SK- 

4#S2 0 0 1 - 1 5 3 3 6 7f«MCSV>t«*bfc 

^0 l o o xtfi"3*t*£ 

[0 0 4 7] **WO*«EL# ; Pft«**"** 

s iirtifc***** 1 *** tis c t 



( 

23 

j&<-£©ttttT©&»x*;p*-T#«l8l±i;:v7 He 

^|6]^-y-y hiU/W^gg (#H2 0 0 1 - 1 4 2 

[0048] s«±(cfigK^ns^T©i*. m 
^ttcioTriait-rsct* 1 ^** (#S2 ooi-i 

5 3 3 6 7 ^9Jffl»#8S) . 

[0 0 4 9].$fc. *8«<0«EL*ftt. «£*©=& 

ffi&#ffibT<A5©a<*£&#&T&5fr'=>. Sfgftft 
Bfl^ftEltWKT?©***** 1 ^ 1 /4 &g©B& 
tSf&fc (AX (2n-l) /4. fetch. n«l. 2. 

3 ) TftSftCfkfcJSiJft*©*^*^!**^^* 1 

itt#-5„ (£*©#« EL^©«iirm. (*-©) % 

[0 0 5 0] LfrU *3691#5tt. mlHi©1#BI2 0 0 
1 - 1 0 2 1 7 5#4i*C4N>T. #fi»K*fc«-r<& 

©&*&£># fcgtat-gft-fnfcf. BIJ*£ 1 tfmiSi: 
£TJP< LT6MME#±Jll'&<'>£&*> *ff*<JP 

fgftT.^? hMPtt) *«**< WIsTSCt*!!*^ 

©B&fifRft (AX (2n- 1) /4. fcfc'U n = l. 
2. 3 ) CRtSftTlf»TnfcJ«**<a5i:. » 

<&9. jS»CK3t^Kff*U/4«fi©l»ffl»flS (AX 

(2n) /4. fcfc'U n= 1, 2. 3 ) CR££ 

tlT^T, n^#<&5t. 7C©583fct:-?&B© 

u%x®mo)&Ttfmmt<nrz. ^t, *£H©#tt 
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24 

-eh*. 

[oo5i] z.<D&? ttmt> l ^mmtmrn 
(d©«^tt»ai«a*w«Si^*) tm 

T) «tt«*S#ffllC#ftT**tt< 

©)Raii6**tTv»titf<tfr>. <S"6s*>— #©8 
©mffi^aw*st«:*) gcattcttgtJK^ttasce 

20 [0 0 5 2] *fc, Te*««cjSb&J:3fc. 

©f«EL$ffi. #563ti-y h*«av>tJW:*«3lfi 

fcfciHMS©— 3T***>6, *©«^t>#«)ta-y h 
[0 0 5 3] 

30 «. a#t'-5^?§MC£j$«8i£<£fflL/t. sttttft 

TUS, *iJIBf 6ttfl!l&JJ«t=^-C RTM- 
8 0 0 0 (ULVAC (B#*£8*IStt) H) £ffifflL 

fc. >£§lfS©*MI8tJS©«l£f::Wu r>n-;u 

(Tencor) ttJSP 1 0 tt$fj£SHfH&flH>fc. * 
^OfcttfWctt. $r-*U- (KEITHLEY) tt 
V-X/-^2 4 0 0. h 73 >BM- 8 
Lfc. **©ITO*ll«, AlSiltLT, agSm 
BE^O. 2 V/2g>©i!l^TXx^y«tcBll)nLT. « 
40 EE±*l»«OW*Rtf«*«ft«)£bfc. EL 
X^hMt, ^7t:h-i7XPMA- 1 l^-^*;i/ 
t > *JP 7 ^ 5 if- Sr fiEffl L, T^m«»J L 

[0 0 5 4] S2pt»Jl («*©**EL3lffOff««- 

©WfflEL^<£TI2©«t5lcLTf^SLfc. ^7XS 
ffil±(C«, ^^ffi«®2<»:LT. ->-hJgijx2 0Q 

/□© i to « ■ ti*8m Mffi^aiSX 
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2 0 0 3-2 7 2 8 6 0 



26 
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1 0© ( 
£7 4 0 C 
£a-N 
"C7 0 0 

fEit : 
[it 7] 



@10<0 (b) ) tftUT*-;MHM**** 
PD*10-tor rTT2A/»©**a* 



|«SftB^^0 (010© (b) ) SAbT 
*-JMI»*«-*XKo-NPB*10- torr 
T-C 2A/^©l^lTe8 0 0A©J?£lCj£ffill< 

[<t9] 





(KODAKttfi) ) *. C«WH»* 
[ft 8] 
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^ri:lt»*5C#*»«BME«^ 

a i i o A/tre i o o o a©j?s UM t 

0° 2cmCE^*« « l0a> ( ^ W * 

senfe**©***** h^bi 6C *TU2 

1 q • C 5 4 5 TC*»I) *6©*fi**«>*** 

ts. *n*n. -®** <w J1) (cd/m 

•) -«E (V) *tt. (mA/cm 1 ) -«E 

( v) ** mm (c d/A) -""J^ 

cm 1 ) *nWf97t**' ^ ^ 
teflEEli2. 2VT?fcofc. 
[0 0 5 51 IW2 (f£*©*«EL#^Off««- 

T nwi2oo/n© i to w^A-rr 
3 _ h anT»« (010© (a) #n . *©-t^« 



■C«Sft5XKn-DPVBl*. 2A/8>©f£«8« 
■C4 0 0AO»aW«^fc- *c. *!!»*■ io© 

iUT M9-?B4>b*MW*> (Cs) *** 

jtn'- iifc*±5c**©*»***«« l ' T20 
■U8**^^4i caio© (O »m s^uta 

1 1 0 A/S>? 1 0 0 0 A©i?^^*^fc- 

C©X8CJ:o-C36**«»4«0- 2cnK 2 
mOKWM**** «l 0© «> MD . «6ftfc 
(£9M2) M*" 1 7©jft»Cw 

otB«««-c**Ait©nBc. assmE^^t 
^ n ,Ht *n*n. -©^ <* W2) rowa 

(cd/m*) -«E <V) Wt- (mA/c 
m ») -«{£ (V) *& (cd/A) -«t 

«K (mA/cm') tSfTW***. Z»*F© 

[0 0 5 6] tt»N3 «*«rtWIEL«T»l»«l- 
T. ->-M&^2 0Q/D©ITO M>5>*i*«TT 



40 



50 



MM. 

3 -hsn-cv»s (010© (a) *M) . *©-tfc* 
«««WI*WT**4 0 M10O (b) ) 
*-JMB»tW « " N P D * 1 0 - 6 to: r r T 

■c, 2A/»o*«a*-c7ooA©»ac*«i/^ 
l 2 SJSiSbfc. MB*-*"*" 
©±C, WU1 3tbTA 1 at. 
tWDCJTB (KODAKttS) -^^f 
A t 1 MXOtttW^Kft* 0«WK*Wt 
■C4 0 0AOJPSC*«Ht. WSf63t@13± 
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ffl4I?X?4 1 (01 0© (c) #Jjg) ^LTA 1 
£*SSH££ 1 0 A/S>T* 1 0 0 0 A©SSIfLit. d 
©lSC±oT5e*<H«f4«0. 2 cm, 10. 2 cm 
©IBErJBttifcS (010© (d) #ag) . mtlfcm 

=? mmmz) omt^o h^shi 7ic®sr-^ 

"T. CCO#^EL^I'*5^T. ISSmSTfeS I TO 
tigilt'JbSA 1 t©M»C. SfiStmE^ffibnLT. 
fgftl (A I q : DC JTBOAIfl) J&»5©#fi« 
ftomft&ZmfeLtz. 02 4. 0 2 5KJ/0 2 6*© 

+^7Mi -tit-en. c©^? (S¥«sj3> ©ws 

(cd/m 1 ) -HBE (V) #14. (mA/c 
m ! ) -W£ (V) ffl£. «K8k* (cd/A) 
&g (mA/cDi'l Sit^5 7T**5. Jl(D$f(D 
^Mi&«E«2. 2VT^t. 

(0 0 5 7]*iS^l («*fffg£H*<V, O, (5gHfcA* 

0 1 3 KST«1*»«*****9!©*«E L*** 

■a-rs. af«p«itHi;«#T. (0100(a)) 

{c^Lfc0f^A^->cn- 1 to±i:W 

ra*JfifcBUfl&JR-?X? 4 0 (010© (b) ) €r^b 
T, F3-l£fi£BtLfc. Tfctofc, o-N 

P.DS6 00 A. Alq:C545T=100: 1 ©« 
$•4 0 OA. /tyj^DOtilty-JA (Cs) © 

jg£ii£2 o o A©j?$ic)«^fi£MUfc. ^(c. mb& 

<S»flytt-3>0A) £, J5£&»&2A/S>-C1 0 OA 

VX£4 0 (010© (b) ] «^LT*BtLfc-. & 
IC t&i&fiKBUH&fivxiMO (010© (b) D © 

**. mm<Dxmzt>o~g.mo'&i<Tmft3--y h3 

-2£j£iKLfc. TftfrS. Q-NPDS600A, A 
lq:C545T= 100:1 (fiftJt) ©1£4 0 0 

A. nya-fu^t yt&m-t^oi* (cs) ©g£S£ 
2ooa©wsk. mx.f8.mvtz. «&tc msmss 

tLTl^ffifi£Kffl^JB-7Xi7 4 1 (010© (c) ) £ 
frLT. A 1 1 0 A/fJ>T 1 0 0 0 A©JP£ 

lc^»U (010© (d) ) \Z7*Vrzrt9 

0. 2 cm, i0. 2 cm©iE^ttt^ofc. £©# 

lEL^ciuT, nsmsT^s i to t&mm® 

fibSA 1 tW^fC. itSitttE^TODUT. 58ft» (A 

1 q : C5 4 5T©MfD A*&©Sfc3S#©IM*tt 
£M6b£. 02 1. i2 2&^2 3Wyo7h 
tt^tl^tl. C©^ (*JS0H1) ©WS (cd/ 
m') -^EE (V) (mA/cm') -« 
EE (V) mSg39)$ (cd/A) (mA 
/cm') $S1-^77T-fe5. ^©^©fgftBS&m 
EE«4. 4VT&9. S^Wlffll^n^fiC 



28 



091©WraEL^«»:it^T. gilsmflit^ (tM>T« 
ft^^) 2fgjfi<(C^#<[6]±bfc. C©^ 
(HJ60S1) «. SSftAtv'JA (V,Os) 
^Mtt«-^T-a&-57U-;U7 5>{t:^. a-NPDi 
©ttT-B T'KfkSTcKfE I- <fc -5 L T 

(V.Os" + 0-NPD') t#A€>n, 5gEfbA*-*- 
v£A (V.Os) Ita-NPDI©5?SA5if5Sti 

10 016tcM^T*-T. 363tX^ h;P*B«T*i:, £ 
1 ©X^? h;P«!:B»£-gtbfca<. X^? MP©¥ 
fctttfcLT^iltKftofc. Cfttt. 2 
-3©f£7t:i--y h©^. ««ICriEKUfc563ltJ.iiy h 3 
- ia»5©3E3fc&<&gTR!t£n, ^©&&T-©£M5fc 

[0 0 5 8] *ig^J2 (««9S£l«t*««0^&«l 

0 1 4 K*t-«i#t&£*T**fSf! 

(010© (a) ) lC^bfcm«/^->tt3-h$n 

t^s i To±.\z^mm&mm&&-?7.>7 a o (010 

© (b) ) &^UT> 5fi*3.rs>h3-l*JMIUfc. 
■T/<ct)^. a-NPD£7 0 0 A. (A 1 q : C 5 4 5 
T= 1 0 0 : 1) ©Jg£4 0 OA, A*V >?^U^ >t& 
W,±*sVk (Cs) ©g£II£2 0 0 AOJPSKM&jft 
JKUfc. &tc. l»ffi&JBF-e>:?B©-hK«ffi5g£l 
4— 1 tUT, TSS; : 
Hfcl 0) 

30 F / 

NC, ,CN 




CN 



-c$t sn^> 4 f - t c n q zi&mmm 1 a/s>t 2 0 a 

©JilSKfijcBlbfc. 2-TNATA (A>H- 

<C^8S) £j£K3«l A/S>T5 OA©P$lCfi£Kb 
fc. C©m^^t>^»^Kffl^llVXi/4 0 (0 
40 10© (b) ) fctf-LTJ&IISILfc. ^fil^Mffl 
^1-7X^4 0 (010© (b) ) ©St. m(^©xe 

$=b^-s^o mLxm^=-y h 3 - 2 fcjfcffltufc. 

t&bS. a-NPD£7 0 0A, (A 1 q : C 5 4 5 
T= 1 0 0 : 1) ©g^4 0 OA. iVJVJu-i >t& 
M-tisOA (Cs) ©jg-&®*2 0 0 A©P^C. Jtg#; 

X^4 1 (010© (c) ) £fl-LT. Al€:^«aS 
1 0 A/g>Tl 0 0 0A©JP^IC^#L. (010© 
(d) ] lZ*Vtzrt9->*1i?2>mmELm : ¥-$:'& 
50 fc. KietJ:oT*3t(H«tt«0. 2cm. ^0. 2 
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ffimST** I TOtPS&HfiT-i&SA 1 t<OWi\Z. it 
g&mffifcEPDOUT. «*■ (A 1 Q : C 5 4 5TO« 

if®) *^<o»fe56Jt©3«i#tt*«i^^ fc - 02 1. 0 

(««M2) (cd/m 1 ) (V) *tt. 

•ftffft (mA/cirf) -«E (V) 

(cd/A) -«*8* (mA/cm') 
U**. (MM 2> It. HiSOMXiftft 

*T*«4F-TCNQt*-^*att7U-^75> 10 

2 -TNATAOPMttl^W"^***** 
#tWUTk»6i#A6*l* OT (4F-TCNQ- 
+ 2-TNATA') . 4F-TCNQlt2-TNA 

TAi<D^®*WfSil^ LT ^ LT1 '^ 
~ 055g^T«!*K= 3 0c d/m 1 (SlfitSK= 0 . 1 

2mA/cm') S**&**£«*»** rF *^ Tl ' 
$ofc* { . mSSt^S^O. lmA/cm'gKEtT©^ 
IT-ifenH M««Bft»T?2 5. 6cd/AtW. 
5g^a^>y h# 1 fi<0ft*S*«E L^-Clt*^^ 

[OO5 9]*S605 3 <2«©*#3.-?l*«>3e*X^ 
l±Ctt. »MB*S2i:UT. ->-hl£ta20Q/ 

□©i to ^y^h-trmm, m**x** 

0© (a) . *©±*6. P«2«» 

Ttf-^attftW^SWEO^n-NPB (C ° V 
ION&SS) SlO-torrTt. 2A/S>©&«5£ 

r 58^a-. y h3-l©Wfi^@tUTW!a©Xt 
D-DPVBi (COVIONttK) ft. 2A/8>©& 
^S-C4 0 0A©IP$lCB£Mb. 3 /tVir^n 
-f>i*R-fc->** <Cs) ©g£!ft2 0 0A©J?S 

A/#-eiOOA©J?^l-BKK^fc- £©€ffiH4!*> 
W»«JfiS«iffi&IS^**4<> (010© (b) ) fttfU 

tl/T. *lp«3fcHi;<o-NPD&7 0 0A©»* 
Jt«Jtfe*t?**DCJTB CKODAKttW ft. - 

i tft* c#*©**a 

S*HEUT4 0 0A©)P$('E£Kbfc. SIP 
mt ffC<,W7n4>t&m-t-><72>. (Cs) ©g 
^l$2 0 0A©J?ai-sKKUfc. ftttC. SfS«£5 50 
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1 W10O (c) * 
bb) j£^LT. A 1 &&S>tS 1 0 A/#T 1 0 0 0 A 
©JM**Ufc. C©lSfc.fcoT»*«*tt*0. 2 
cm «0. 2cm©3E*Jittt«t* (HI 00(d) 

T |»«««T*«ITO£l!*«liI't?**Ali©nil 

ic itifctlEft Win bfct^. 2oo»*l*6©» 
ft (K>*«8*> ««»6nfc. 

fc3Rf : (0 3 9 (b) ) ©»jH*«ft«****H3 9 

U) « : POll*tt***^fc- 02 4 ' a2 

5Rtf0 2 6 •fOO'/D'y M4*n-6ft. (S 
«p0ij3) ©»K (cd/m') (V) #14. WE 

5Sfg (mA/cm 1 ) -«E (V) »tt._«*»* <c 
d/A) -SffiSS (mA/cm') ^T^7 7tfe 
5. £©**©«*■»«£»* SVTfeofe. 
0, £*PW2©*?- (2- 6V) t»«P«3©*^ 
(2. 2 V) ©5l*Bi&mE©fai&oT<A*. £fc. 

fc/«-5?*A (V.O.) i*-)HJMt»fC*«7U 

fSc.fc^m^K^^*^^'' 1 ' 5 (v,o.- + o- 
npd') t#Aen. 5e{b^->'«?A (v,o«) s 

ta - N p DH©ftB ^ bT^ffibT^ 
[0 0 6 0] Jtttfl4 (3®<D%ft3.-vhZGL, 

ft**flrt"***> 

*n©s«fc«*«« 1 fcPI (0 1 0 © 

(a) ) \zmVtzm^n^->^-b^riX^iT 

o±\zG®®$.m%&m-?*9*Q (0io© (b) ) 
£tf-LT. f83tea-y h3-is«Ktfc. -rat)*. 

a-NPD£7 0 0A. Alq:C545T=100: 
1©1S6 0 0A. ;ty?'/P'f>^8t^A (C 
s) ©BfclftlOOAOJMfclR*. 3 «©*««=)« 

4-1 tLT. V.O. (5KflS/^S?->A) *. 
K 2 A/f^T 3 0 0 A©#£ tC^Kt fc. C©«««t 
lfcW^fi£Kffl^)S-7^i'4 0 (010© (b) 3 ft 

(0io© (b) ) ©ss. ^©igft^-gm 13 

SlT««i=v H 3 - 2 . 8*3.= v h 3- 3 $)@* 
&mvtz. fcfc't. CCTtt&56*=='vH08*<4B 

MT. *Htttea-NPD*»&il!£Stt**"" )HI2I@ 
©KJPS3 0 0A. 50 OA. 7 0 0A©3«afcto»t 
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3«COS1SlZ-e-n^na-NPD^3 0 0 A. 50 0 
A. 7O0A. Alq:C545T=100:l (SI 
it) ©IS:6 0 0A. KVVfu-i > <!: £JS-fe A 
(Cs) ©jg^l^l 0 OArog^lCH^BicKUT, 8 

L-T. V,O s (5gE{kA'^-v->A) £. fi£KSS2A/ 
g>T3 0 0 AWJISKf&lgtbit. Sfit(IB7 r 
□ -tr7s£4i0igLJt. -T&fc-S. o-NPD*300 
A. 500 A. 700 A, Alq:C545T=10 
0 : 1 (Mfttt) Ol?:6 0 0A. W^DOti 
Jg-fex^A (Cs) ©«•&!£ 1 0 0 AOffSlCJB&jfc 
KUT, ^7tJ-r:->h3-3^fi£lgL,fc. «£tc. &ff 
mffi5<hLT&gj£8lffl&Jg-?X?4 1 (010© 

(c) ) ^ut. a i e^iisi oA/e>-ei o o 

OAOJPSlCj&^U (HlOC(d)) (C^Ufc/^ 

<6«(ilK0. 2 cm. $0. 2cm(DEWKt&o 
tz. COGmELm^Z&^T. UlilT^SITO 

i^SMT$>^.A i tomiz, mmm&zwtoLT. 

3S3fcl (A 1 q : C 5 4 5 TO«*I) *»S©»fef8 
3t©»H*tt«»£Ufc. 02 7, @285^@29>f© 
O. .□. + 7n y Mi-tttfftt. ffiia©3aS©BIJP£ 

=&■*-***©** (cd/m 1 ) -mil (v> « 

m®& (mA/cm*) -«E (V) USt^ 
(cd/A) -m««S (mA/cm') **t^57 

t&s. 02 9tc^^n-5ao. sa-53as©Kjit* 
^-r^n-en©**©***** (cd/A) 

JMtO. ft&iXy h3-2. 3-3©*-;M*»*R 
JP#7 0 0A©*>©«ftiti4 8 c d/A€jB*.*tttt*ft 

)vmmmmmffi3 o oa. 5ooA©*>©tti 8cd/ 

A, 2 8 c d/AgSOlLWI £>nfc*>r>fc. 

h 3 - 2, 3-3©#-;maiiMUPa«7ooA© 

¥fif!3tn---y h^fcO® 1 6 c d/A (4 8 
cd/A-f3) Kffi3LT*D. ±X<D (3fi©) fEft 
tt«*>6*EJt«ffT»*AllBMiiT©3t*WP (* 
®KiPt)iSf^**Ufct>©) #£Tl/4&ft©iMf 

-r&fr^. #*p©*£m:a i Hcs^e 

**Sft©l/4«fi. 3/4j£g. 5/4&g(C&o 
Tl>5 «MHfcSnfc) «T»*. ($ttM 
4) ©Sfflg©*?©^*^ hM01 9K*T. 

£tz*mmm mmm4) <fT-#^nfc^©^-e. ft 

iSS©«SS2>l^ (4 8 cd/A) ^ff-f**?©**** 
S«P0U1©^ (*3ti-y h*tlfi) . £ 
JSflsjl©^ (58*3.- y htf2fl) ©SEftX^hJP 

t©tfc«©feje). 01 6i;:fc:*£ttT^£ 

[0 0 6 1] $ttM5 (2fi©585tJ.-y h©58*7.^ 
? hfrtfiS.WZ&fiZXTT, *»t>ft5E*^y I- ©58 

5*5W«s*-e©K8i*ftjg(b-r**»© 

0<l) 
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3&©a«£ffl«LT. HJS«aj3tBSI^-©yn-bXT- 
»fefe*J-^-y hiiS5fefS)fcx=v h£€ffif8£)l4 - 
1©V,0, (SgKtA'-^v^A) ^^bTftlLfc^. 
CCT«fl7t3.-.y h 3 - 1 ©ff£58#<MW>'&#K#t 

WlCfe7ta.-u/ h3-2Wo-NPD*>^MJtl5* 
-;Hft&Ji©KJ*£3 0 0 A, 500 A. 700 A© 3 

aact>»tTR3aa©*«cduiiuT. &&*fflu*s 

10 ^©»Sgt*fr*«te*frtt. HiS0!l3t^-T*«.. 

03 0. 0 3 lfttf0 3 2^©D. +. O^ny Hi^ 

n^en. c©3«a©wp*w-r**^©wflE (c d/ 

m*) (V) ftft, mm®& (mA/cm') -« 

ffi (V) #14. (cd/A) -*SE«£ (mA 

/cm') &it^7 7T*5. Sit. *Slig«sj (*JS 
09 5) ©3S»©^©fg*X^^h;i/€-0 2 OIC^ 

-r. 03 2ic*$n^.«o, mtez3mmommz&-f 

•5-e-n^tl©^©^^^ (cd/A) «*£<gft 

o . m^t=L- 7^3-2 <D*-)Wi]&mmmi>< 7 0 0 a 
20 ©*>©«. ft&8 c d/AzmfLzntitthmiimzntz 

fg*i- v V 3 - 2 ©*-;Mft£jlKJP£t3 0 0 
A. 5 0 0A©t>©«6. 5 cd/A, 4 c d/Agffi 

©fflu*^e.n^ofc. 18^- -y hs^©*-^ 

*&HRJP#t7 0 0A©*Pt4, Wfi5S3fc*m-e*** 
tD-DPVBi ©fgTtftea* A 1 

.»«$-?©**«* (iiaMiPiJS»T^^^i;fcfc©) 

*U/4»ft©l»3ffift^oT^€. (ftiUfcSnfc) m 

[ 0 0 6 2 ] HUgta' 6 («ttX£fl©nSM(C& > r«Ji 
30 0 75S2 2 Kf2f<© R-©*§EJfc;£j£!j T 

AO, »#3S4lci2«^nsm«r5841^filfi£-r 
-5 (a) <h (b) *tjg^^nr^s^) 

04 nc*-r«i«jg*#-r5*58K©w^EL^* 

«iS-r«. tHU^WT. (010© (a) ) 

lCSbfc0f^/^->C3-h^tlT^5 I TO±lC^ 
«l»fi£«ffl^)BVX^4 0 (010© (b) ) 5?>b 
T. 58*3.-^ h 3 - 1 Zf&mLtz. Tfet)^. o-N 
PD*60 0A. Alq:C545T=100: 1 ©JI 
$7 0 0A©j?^H®lC^L,fc. ^^13 r^©^gf£; 

40 ^bJoHj z&fcvrz. -r^^Tia^: 

Hfci 1] 




L i q td&IHTSdt^i&S) S. 1 0 A©jP£t<£l& 
UT. *#|-««5c*RibTAlS*#aflElA/» 
Tl 5A©ff^lC^lfL. r-t©*Ejfi;££Hj fcjgJ* 
50 Ufc. ffirE r^©i§El££fi£JIj ©±C**584 
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«4-lfcl/T. V.O. (5BSHfc/W^> ta ~ li 
PD©SS1 (=e;Vtt*: V,0. : a-NPD=4 : 
1) *. j«Ka«2A/»T2 0 0A©»SC«KL' 

100(b)) s^bTBKKUfc. sta«Kffl 

&EYX?4 0 [01 00 (b) ) ©£*- »»©I8 
ftfeS-MIOjBbTJBfci^ ^ 3 - 2 SfcBUfc. 

o-NPD*6 0 0A. Alq:C5 4 5T 
= 100:1 (ftfttt) ©H£7 0 0A, LiQ*10 

wmeiub*«-*x*4i mioo(c))**u 

T. A 1 *f£»iiS 1 0 A/#T- 1 0 0 0 A©J?£ C* 
(110© (d) ) K*bfc/^->**'*'** 

cm SIO. 2cmO]E3&»«itt^fc. -O^&EL 

A i toDiHc. itsssJEEfcEPfiiib-t. (A 1 q : 

C 5 4 5 T<D*^»S) *6©«MI*OlH*tt*JiS 
Lfc. 04 2, 04 3, 14 4RM4 5f©t^7 

hs^n^n. u©tf (*««6) ©ws (cd/m 

l ) -SE (V) #tt. (mA/crrf) -SE 

(V) tttt. (cd/A) (mA/ 

cm') «tt. fttf. (lm/W) -ME (c 

S£*fi#ljtSWrait«*^ (ITO/a-NPD 6 
OOA/Alq:C545T=100:l. 7 0 0 A/ 
LiQ. 10A/A1) *fM5UB4 2 755H4 6«H= 

^Bg) *t. 2 <|Sl-hUfc. ( * 
ft* 6) *> (**«!> BWfc/W*** 
(V.O,) t*-;Hfc»tt»^T?**7>J-*7 5>fl: 

*«WlE««&«UTV»* <V t CV + a-NPD') 

5Kfc/^** (V.O.) fca-NPDOlL 
#l^»»41i:^WIU"C«r»*. *fc. .hi!** 
W6Tftt. (tt* 182 
0O(D) flJTJ^U** (±E*K«T?ttL i) -f 

y^yn-f >*a i a *©*H»attfc*«***«* 

)B«|#toS-&iT*oT'bJ:< (iiiH#BB2 0 0 0- 
1 8 2 7 7 4 < &*rt»&B&#££AT-V> 

7 U ttffl b fc fc * fc *> • a ** 6 11 
jl!l$nT*0 (IMHIWt : J- Endo, T.Mat 
sumoto, and J. Kido. Jpn. J. A 
pp l. Phys. Vol. 4 1 (2 0 0 2) pp. L 

8 0 0-L 8 0 3) . «*S*«EL#*0*«K»T 



[oo6 3) (mm^m^nitm <a • c 

m) ©$S£) ^ 
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